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2013.06.0Abstract Dakhla Oasis is the second provincial oasis in Al-Wadi El-Gedid Governorate in the
Western Desert of Egypt. Dakhla contains several springs and wells, the most important of which
are Mut Wells. Deir El – Hagar playa, located about 45 km to the northwest of Mut, the capital of
the oasis, is the most important playa where the Roman Deir El-Hagar Temple is located. The Mid-
Pleistocene to Holocene exposed lacustrine sediments provide evidence for a more humid climate
than that present today. The main aim of this work is to use the High Pass Filter (HPF) image pro-
cessing technique to enhance and extract archaeological remains and ancient irrigation canals from
an Egyptsat-1 2010 satellite image in addition to link between the locations of these canals and the
source of the water that replenished these canals.
The enhanced images as well as the 3D prospective view indicate that the playa is a semicircular
basin covered by extensive lake deposits that owed its water to the natural ﬂowing springs, located
2 km to the south, and rainfall over the depression during the Terminal Paleolithic and Neolithic
times. The signiﬁcance of this research is to highlight how our ancestors were brilliant so as to uti-
lize the local resources to allow water to be conveyed from its source to its destination where it will
be fully utilized in irrigation.
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011. Introduction
Dakhla Oasis is the second provincial oasis in Al-Wadi El-Ge-
did Governorate and lies about 198 km north–west of Kharga
Oasis. The increasing availability of satellite imagery with sig-
niﬁcantly improved spectral and spatial resolution has offered
a greater potential for more detailed geological mapping and
feature extraction. At the same time, rapid advances in the
computer science as well as other information technology
(IT) ﬁelds have offered more powerful tools for satellite imageational Authority for Remote Sensing and Space Sciences.
154 E.A. Zaghloul et al.processing and analysis. Image processing software and hard-
ware are becoming more efﬁcient and less expensive. The use
of more advanced statistics and probability theories in image
processing in such neighbouring disciplines as computer vision
and artiﬁcial intelligence has also generated spill-over effect in
satellite imagery interpretation. Digital image processing is
central to efﬁcient use of satellite imagery in geological, hydro-
logical and archaeological studies. A key task of satellite image
processing is to develop image data analysis approaches
appropriate to a particular resource management application.
The extraction of geological features from satellite imagery is
one of the most important objectives of digital image analysis
in the geosciences. The main aim of this work is to use the
High Pass Filter (HPF) technique in order to enhance Egypt-
sat-1 satellite data to extract and map archaeological remains.
The research statement is to link between the locations of these
canals (mapped using Egyptsat-1 Data) and the source of the
water that replenished these canals.
2. Description of the study area
2.1. Location
Dakhla Oasis is located in the heart of the Western Desert in
Egypt 190 km to the west of Kharga Oasis where it extends
155 km from Teneida village in the east to Mawhoob village
in the west with an area suitable for agriculture of about
155 km long and 60 km wide. It contains highly fertile lands
and it is rich with water and it supports a higher population
compared to Kharga Oasis. The climate of Dakhla Oasis is
characterized as hot and dry, with a high rate of evaporation,
a high level of solar radiation (sunshine), and rainless.
2.2. Landform
The area under consideration (Fig. 1) is nearly ﬂat covering
about 2.5 km with remnant of a Holocene playa in the form of
yardings. The playa abuts against a pediment surface which ex-
tends to the north-east and to the south-west. The pediment con-
sists of a 30 m succession of marl, shale, limestone, phosphate
and sandstone of the Duwi Formation (Upper Cretaceous –
Lower Maastrichtian-Campanian) (Hermina et al., 1961). The
deﬂated ﬂat surface of the playa was dissected by an ancient sys-
tem of irrigation canals from the Roman and Pre-Roman times.
These canals were dug by the native people living in the area be-
fore the roman occupation. Extensive areas nearby were culti-
vated depending on this water now covered by sand dunes and
sand sheets. Some archaeological sites were recorded at the de-
ﬂated surface of the playa. From the previous prehistoric studies
of the Western Desert (ex. McDonald, 2001, 1991; Hassan,
1978; Wendorf, 1980; Haynes, 1982; Zaghloul, 1999), it is clear
that the record of changing climate and human occupation dur-
ing the late Quaternary is still incomplete.
2.3. Lithostratigraphy
According to Zaghloul (1999), three stratigraphic exposed
units are identiﬁed as shown in Fig. 2 within the playa
sediments namely A, B and C at top. Unit A is very ﬁne, med-
ium hard, slightly gypsiferous sandy silt containing limestonegravels (3 · 5 cm). Unit B is mainly ﬁne aeolian silty sand con-
taining medium hard green shale pockets in its lower part and
sandy silt with root plants poorly gypsiferous in its upper part.
The upper unit C is mainly ﬁne yellowish brown aeolian sand
with green clay pebbles containing charcoal remains. The pre-
historic remains; such as Lithic-artifacts, Pottery fragments
and Charcoal; in and around the playa make it possible to date
the Holocene stratigraphic units in the area. The lower unit (A)
is important because it contains Neolithic remains such as
Lithic artifacts, bone fragments and Ostrich egg shell frag-
ments. The total thicknesses of the exposed units are 3.10 m.
It mainly consists of silt, sandy silt (Dikaka structure that
are calciﬁed roots indicating decayed phytogenic mounds),
sand and sandy clay with rare limestone pebbles and gravels.
A 10 cm of burnet layer (Charcoal or Hearth) is located at
the upper contact with the middle unit (B). Most probably, this
surface represents a surface of living during the Neolithic time.
A radio-carbon date gives the age of this charcoal sample to be
6500 B.P. At Deir El-Hagar playa, another site, 2 m below the
above mentioned charcoal site, consists of aeolian sand inter-
bedded with silt which includes Neolithic artifacts (Fig. 1).
The works by Hassan (1978), Wendorf (1980) indicate that
the Egyptian Sahara experienced a moist period from ca.
8600 to 6000 BP. Probably during this moist phase, the playa
was deposited. The dating of the charcoal sample from unit (C)
substantiates this assumption. The work done by Haynes
(1982) summarizes the paleo-climatic and the archaeological
succession in the western Desert (Table 1).
Deir El-Hagar Playa can be described under the term
‘‘semiplaya’’ as introduced by Embabi (1972) that is fed by
both surface and groundwater. This can be recognized from
the presence of spring mounds.
During the Neolithic pluvial period in the early Holocene,
Terminal Paleolithic and Neolithic hunters and herders spread
over the Western Desert between 9500 and 5000 years ago. By
5000 BP with no rainfall, the lakes dried up and wind erosion
under hyper-arid conditions has been the main process which
forms the deﬂated playa surfaces in the western Desert in the
form of Yarding.
2.4. Description of Deir El-Hagar temple
Deir El-Hagar, the ‘Monastery of Stone’, is a sandstone temple
on the western edge of Dakhla Oasis, about 10 km from El-
Qasr in the desert to the southern pediment of Gebel Edmon-
stone and at the edge of the cultivated lands (Fig. 1). Edmon-
stone in 1819 discovered the temple and found it half ﬁlled in
with sand and he tried to clear it, though he soon abandoned
the project and simply measured the structure. At that time,
the sanctuary still had a roof and parts of three front columns
were standing (Fig. 3). After being buried in sand dunes and
sand sheet for many centuries the temple has been uncovered,
restored and partially reconstructed during the 1990s by the
Supreme Council of Antiquities (SCA) and is now open to vis-
itors. The temple of Deir El-Hagar represents one of the most
complete Roman monuments in Dakhla Oasis dedicated
mainly to the Theban Triad and to Thoth. Construction of
the temple began during the reign of the Roman Emperor
Nero (AD 54–68), whose cartouche can be seen in the
sanctuary. The walls also bear the names of Vespasian (AD
69–79) and Titus (AD 79–81) and the monumental gateway
Figure 1 Location map of the study area.
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Figure 2 Stratigraphic exposed units identiﬁed within the playa sediments (Zaghloul, 1999).
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Table 1 Paleo-climatic chart showing the archaeological succession and chronology for the western Desert (Haynes, 1983).
Deposit Condition Archaeology 14Cage in years B.P
Wetted dunes Perched water table Neolithic III 5000–5600
Interbedded clay and Sand Playa Neolithic III 5800–7500
Dune sand Deﬂation None
Interbedded slope wash sand and clay Hand dug well plays Neolithic I 7900–8400
Interbedded Dune sand and clay Dune stabilization & rising playa Terminal Paleolithic 8700–9700
Dune sand Deﬂation None
Marl and slit pond or marsh Middle Paleolithic Aterian mousterian >44.7
Dune sand Deﬂation
Marl Lake >41.5
Soil oxidized peat Stability marsh
Dune sand Deﬂation None
Feder sand limestone cacrete Spring discharge lake stability Late & ﬁnal Acheulean >200.000 (estimate)
Dune sand Deﬂation None
Inverted wadi gravels Some integrated drainages ? >500.000 (estimate)
? Deﬂation
Chalcedonic mudstone Alkaline lake ? >1.000.000 (estimate)
? Deﬂation
Terra rossa Stability ? >1.000.000
Figure 3 Deir El-Hagar temple layout.
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although other Roman rulers have contributed to the decora-
tion, with the latest inscription in the temple dating to the 3rd
century AD.
The archaeological and epigraphic evidence from the Great
oasis indicates that the major temples which were functioning
at this time (Hibis, Qasr ei-Ghuweita, Ain Birbiya) had already
been built before the Roman period. During the second half of
the ﬁrst century CE the temples at Dush, Deir el-Haggar, and
perhaps Ismant el-Kharab, were added (Kaper, 1998)
Remains of other still partly-buried structures surround the
temple and there is a block ﬁeld to the west of the enclosure. Inthe immediate vicinity there is much evidence of agriculture in
Roman times, including pigeon-houses. To the north-west of
the temple is a Roman Period cemetery where crude human-
headed terracotta cofﬁns have been uncovered.
The temple building measures 7.3 by 16.2 m (Fig. 3) and has a
well-preserved outer mud brick enclosure wall where some re-
mains of painted plaster can still be seen. The main gateway is
in the eastern side of the enclosure wall, while another gateway
to the south, in the temenos wall of the sanctuary, depicts many
Greek inscriptions and grafﬁti written by early travelers who
wanted to record their visits to this sacred place.
2.5. Hydrogeological conditions of Dakhla Oasis
Since ancient times, the oases have been inhabited by people
who have made use of ﬂowing springs in the lowest parts of
the depressions found in the Western Desert of Egypt. Irri-
gated agriculture is facilitated by free-ﬂowing springs and
dug wells, fed by the Nubian Sandstone Aquifer. The highest
recorded piezometric surface of shallow wells was about
132 m on the eastern side of the Teneida area, whereas the
minimum piezometric level was 96 m in Rashda Village. This
means that groundwater moves towards Rashda village from
all directions (NARSS, 2002).
The aquifer can be classiﬁed into three hydrogeological
units. The upper unit (upper shallow aquifer) consists of
sandstone intercalated with several clay layers, which is
capped with a shale bed in the north. The second, or middle,
unit consists of shale that forms an aquiclude layer between
the upper and lower conﬁned aquifers. The lower unit consists
of highly permeable sandstone intercalated with thin clay
lenses.
In Dakhla Oasis, springs are popularly recognized as bub-
bling up naturally where their depth to the aquifer is generally
less than or equal to 120 m. Considering Roman springs, they
are popularly recognized as dating back to the Roman era,
although most are assumed to be less than 200 years old. They
have a depth ranging from 85 to 100 m and they are exploited
Figure 4 Generalized section of the Nubian Sandstone aquifer system in Dakhla Oasis (Modiﬁed after Heini and Thorweihe, 1993).
Figure 5 Simpliﬁed cross sections of selected locations in the east, middle and west of the Dakhla oasis based on the well logs (modiﬁed
after Sefelnasr, 2002).
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are a unique subset of spring sediments, which develop
through the accumulation of suspended sediment, peat, aeo-
lian material and groundwater precipitates in areas of direct
discharge. The deposition of such sediments in discontinuous
units and indications of variable water levels may also provide
evidence of spring discharge. Sediment deposited by these
spring ‘‘seeps’’ may be silty clay to coarser materials, depend-
ing upon the nature of the streams produced by spring ﬂow.
The identiﬁcation of spring sediments can be challenging in
environments where multiple hydrologic entities (e.g., lakes,
wetlands, springs, and rivers) have coexisted, as is the case in
Dakhlah (Adelsberger and Smith, 2010).Springs recharge is related with the shallow groundwater
aquifer. Most of the shallow wells in Dakhla Oasis are of the
artesian type and the amount of extracted water from these
shallow wells is between 3500 and 8000 m3/day. These wells
are used for irrigation. About the hydrochemical
characteristics of the shallow water zones; the amount of total
dissolved solids increases from 175 ppm at West Mawhoub in
the west to 500 ppm at Teneida in the east (NARSS, 2002).
Fig. 4 shows a generalized section of the Nubian Sandstone
Aquifer system in Dakhla Oasis that is the main source of fresh
groundwater with an average thickness in Dakhla Oasis of
1000 m. Fig. 5 represents simpliﬁed cross sections for selected
locations in the area (modiﬁed after Sefelnasr 2002).
Figure 6 Egyptsat-1 image before applying the convolution ﬁlter with window 51 · 51.
Detection of ancient irrigation canals of Deir El-Hagar playa, Dakhla Oasis, Egypt, using Egyptsat-1 data 1593. Materials and methods
3.1. Data sets
The main data sets used in this study include an Egyptsat-1
2010 satellite image with speciﬁcations shown in Table 2. An
ASTER DEM with spatial resolution of 15 m in the horizontal
plane was used. One nadir-looking ASTER VNIR scene con-
sists of 4100 samples by 4200 lines, corresponding to about
60 km-by-60 km ground area.
3.2. Methodology
The methodology of this research mainly depends on applying
a HPF image processing technique so as to extract the ancient
irrigation canals feeding Deir El- Hagar playa.Table 2 Speciﬁcations of Egyptsat 1 image.
Band Spatial resolution (m) Spectral resolution (lm)
1 7.8 0.51–0.59
2 7.8 0.61–0.68
3 7.8 0.80–0.89
4 7.8 0.50–0.89
5 39.5 1.1–1.703.3.1. Remote sensing convolution ﬁltering
Convolution ﬁltering is the process of averaging small sets of
pixels across an image. Convolution ﬁltering is used to change
the spatial frequency characteristics of an image (Jensen,
1996). A convolution kernel is a matrix of numbers that is used
to average the value of each pixel with the values of surround-
ing pixels in a particular way. The numbers in the matrix serve
to weight this average towards particular pixels. These num-
bers are often called coefﬁcients, because they are used as such
in the mathematical equations. Figs. 6 and 7 show the study
area before and after applying the convolution ﬁlter.
3.3.2. High-frequency kernels
A high-frequency kernel, or high-pass kernel, has the effect of
increasing spatial frequency. High-frequency kernels serve as
edge enhancers, since they bring out the edges between homo-
geneous groups of pixels. Unlike edge detectors (such as zero-
sum kernels), they highlight edges and do not necessarily elim-
inate other features. In this paper, a high-frequency kernel
with a window of (51 · 51) is used on Egyptsat-1 data in which
a relatively low value is surrounded by higher values, like this
the low value gets lower. Inversely, when this kernel is used on
the same image in which a relatively high value is surrounded
by lower values the high value becomes higher. In either case,
spatial frequency is increased by this kernel. Figs. 6 and 7 show
Figure 7 Egyptsat-1 image after applying the convolution ﬁlter with window 51 · 51.
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tion of archaeological sites. The enhanced Egyptsat-1 images
as well as the 3D prospective view were prepared by draping
the enhanced Egyptsat-1 over the ASTER Digital Elevation
Model (DEM) with 15 m spatial resolution.
4. Results and discussion
4.1. Ancient irrigation canals
Irrigation is an artiﬁcial application of water to the soil. It is
usually used to assist in growing crops in dry areas and during
periods of inadequate rainfall. Archaeological investigation
has identiﬁed evidence of irrigation in Mesopotamia and Egypt
as far back as the 6th millennium BCE, where barley was
grown in areas where the natural rainfall was insufﬁcient to
support such a crop.
Fig. 8 shows the main derivatives of the Egyptsat-1 image
of Deir El-Hagar playa that includes:
1- Location of Deir El-Hagar Temple; 2-Remnant of an-
cient irrigation canals; 3-Source of water (Natural Spring); 4-
Cultivated lands; 5-Sand dunes; 6-Playa surface and 7-Edmon-
stone pediment.
The remains of the canals are well marked on the surface of the
playa (Zaghloul, 1999). These canals are the earliest record of irri-
gation probably in the period of the Roman time. Large scale agri-culture was practiced and an extensive network of canals was used
for the purpose of irrigation (Figs. 6 and 7).The system comprises
a network of irrigation canals gently sloping northward. Water
was obtained from the natural springs into the deﬂated surface
of the playa irrigation of ﬁelds at the level of the playa surface
south of the temple (Fig. 8). Most of these irrigation systems still
exist undamaged untill now and ﬁlled by the drift of aeolian sand
(Fig. 9). The length of the main canal varies from 2265.5 m. to
2740 m while the width varies from 4.5 to 14.30 m. The chain of
El-Qasr (Karawein) dune ﬁeld extends over the playa surface at
the western and the southern parts of the playa surfaces.
5. Summary and conclusions
Over centuries, agriculture in the desert areas began to decay be-
cause of the salt accumulation in the alluvial soil, the sand dune
encroachments and lowering of the groundwater level due to the cli-
matic changes and scarce rainfall precipitation in addition to the
water over extraction. The signiﬁcance of mapping and extraction
of these irrigation canals especially near archaeological sites is to
study the inﬂuence of these canals on the site and how the ancestors
were brilliant so that they utilized all the available resources around
the temple to allowwater to be conveyed there and hence were able
to cultivate some crops for people living in its vicinity. The paper
also gives the opportunity to compare between old and new meth-
ods of irrigation in Dakhla Oasis (canals versus wells).
Figure 9 Field photo showing traces of the ancient irrigation
canals dissecting the surface of the playa.
Figure 8 Enhanced derivative Egyptsat-1 image shows the location of the temple and the traces of the ancient irrigation canals.
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